Background
Percutaneous coronary intervention (PCI) is currently considered to be the most effective method for treating acute coronary syndrome (ACS) in both males and females. At present, PCI is the method of choice in the treatment of ACS. 1 It was shown that females undergoing percutaneous revascularization exhibit worse immediate results of the procedure; however, long-term results are similar for both sexes. [2] [3] [4] [5] [6] [7] The worse prognosis of females hospitalized for ACS may result from their older age at the onset of the disease, more frequent concomitant diseases, such as diabetes and hypertension, as well as anatomical and pathophysiological differences in the structure of the heart and coronary vessels (in females, coronary vessels are more angled and their diameter 1 During the last few years, QoL score has become an important indicator of the total benefit achieved by a patient during different diagnostic and therapeutic procedures. Referring to treatment results from the perspective of QoL provided medicine with an opportunity to present longterm effects in the management of diseases. Patients who had suffered myocardial infarction exhibited a decrease in their QoL. 9 The available research indicates that sex is a determinant affecting QoL after ACS. However, there is still an ongoing discussion in the literature, and the data concerning the role of sex are still ambiguous. In several publications, male patients undergoing coronary revascularization exhibited higher QoL in comparison to female patients. 10, 11 The initial QoL score is an important determinant for the long-term QoL score. 12 The dynamics of changes observed in QoL reveal an improvement in both sexes, which is, however, more pronounced in males. 13, 14 There are publications that find no differences between the sexes in terms of the level of QoL, with improvement occurring regardless of sex. 15 In our previous research, we reported that 6 months after ACS, improvement in QoL occurred in both sexes at the physical level, but only in females at the psychological level. 16 Numerous studies indicate that PCI conducted in patients with ACS considerably reduces mortality, 17, 18 but there are only a few publications concerning both survival assessment [19] [20] [21] and comparative analysis of QoL, early and long-term, several years after PCI, which would analyze this quality with reference to sex.
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Aim of the study
The aims of this study were to research the dynamics of changes in QoL 36 months after PCI with reference to sex and to identify the predictors (baseline) that may influence the long-term QoL in patients hospitalized for ACS undergoing PCI.
Patients
The study included 140 patients (70 females and 70 males) aged between 32 years and 95 years (mean age: 63.4 years) hospitalized for ACS, who were subjected to PCI at the Department of Cardiology, T Marciniak Lower Silesian Specialist Hospital, Wrocław, between September 2009 and March 2010. The clinical diagnosis of ACS was based on the general criteria adopted by the European Society of Cardiology. 24 The patients were examined by the cardiologist, who diagnosed ACS on the basis of electrocardiogram and biomarkers. The firm diagnosis of the myocardial infarct, the application of the PCI, and the written informed consent were the inclusion criteria. The exclusion criteria were the hemodynamic instability and the lack of the informed consent to participate in the study. Questionnaires were distributed by a cardiac nurse 2-4 days after PCI. All patients were informed of the purpose and nature of this study and provided their written informed consent to be included in it. All patients completed all questionnaires. Information concerning the sociodemographic and clinical data came from the hospital registry files.
The study was conducted with the consent of the Bioethical Committee of the Wrocław Medical University (consent no KB-234/2009).
The patients were divided into groups based on their sex: Group I (n=70): females with ACS without non-ST elevation myocardial infarction (NSTEMI; n=14) subjected to early invasive strategy and with ST-elevation myocardial infarction (STEMI; n=56) subjected to PCI, aged between 44 years and 95 years (mean age: 67.6 years) and Group II (n=70): males with ACS without ST elevation (NSTEMI; n=9) subjected to early invasive strategy and with ST elevation (STEMI; n=61) subjected to PCI, aged between 32 years and 95 years (mean age: 59.2 years).
The study was prospective. The assessment of quality of life was conducted during week 1 and after PCI (B 1 ) as well as 6 months (B 2 ) and 36 months (B 3 ) after the procedure. Both in week 1 after the procedure and 6 months later, the surveys were filled in directly in the presence of a person conducting the research. Measurement B 2 , 6 months after PCI, took place at the Hospital Outpatient Clinic of Cardiology during the follow-up visits. The measurement conducted 6 months after PCI included 67 females and 70 males, as three females qualified for the initial measurement had died. The deaths, which occurred 5-6 months after the initial measurement, were due to cardiovascular reasons.
The third measurement (B 3 ) was obtained through correspondence with the use of questionnaires sent by post. Before sending the surveys, the participants were contacted over the phone and informed about the researchers' intention to conduct these surveys. Ultimately, 113 patients participated 
Methods
Qol assessment
The MacNew Heart Disease Health-Related Quality of Life (MacNew) is one of the most popular questionnaires specifically designed to establish health-related QoL of cardiac patients. 25 It contains 27 questions associated with cardiac health during 2 weeks prior to questionnaire administration. Answers to individual sets of questions are given with the use of the 7-point Likert scale, from 1 (all the time) to 7 (never). Each answer in individual domains is assigned an appropriate number of points -the lower the number of points, the lower the QoL. The results are calculated for three dimensions of QoL: physical, emotional, and social functioning. It is also possible to establish the global QoL score of a given patient by adding the weights of all answers and dividing the result by the number of questions that the patient answered. The Polish version, with Oldridge's consent, was prepared in 2002 by two independent teams from two places: Łódź, led by Zielińska from the Clinic of Cardiology at the Medical University of Łódź, and Warsaw, led by Wrześniewski. 26 The reliability of the Polish version of MacNew was verified by establishing internal compliance and temporal stability. The questionnaire possesses satisfactory psychometric properties: Cronbach's alpha from 0.87 to 0.93 and a correlation coefficient from 0.55 to 0.87. 26 The MacNew questionnaire is a reliable and valid method of assessing changes in healthrelated QoL among population with heart disease and discriminates better between angina grades. 27, 28 Multivariate ANOVA analysis was used in the study to compare the general QoL results of the MacNew questionnaire and establish the influence of selected variables on QoL. The predictors included in the study were sociodemographic factors (sex, age, marital status, education, occupational activity), clinical features (form of ACS), and risk factors (tobacco smoking, obesity [body mass index {BMI} $30 kg/m 2 was considered as obesity and BMI =25-29.9 kg/m 2 as overweight; waist-hip ratio was assumed as a standardized method for monitoring central obesity; waist circumference $90 was considered as abdominal obesity, which is in line with the guide- and hypertension [in two measurements of arterial pressure; hypertension was diagnosed when the value of systolic blood pressure was $140 mmHg and/or diastolic blood pressure was $90 mmHg or when patients regularly used antihypertensive drugs, which is in line with the guidelines of the Polish Society of Hypertension; Table 1] ).
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Results
Sociodemographic and clinical analysis revealed that females with ACS are older by 7-8 years on average than males (67.6±12.7 vs 59.2±10.7; P,0.0001) at the onset of the disease. They are also less educated (35.7% vs 11.4% received only primary education; P,0.001) and are less occupationally active (17.1% vs 38.6% working males; P,0.003). They more frequently suffer from hypertension (71.4% vs 37.1%; P,0.001), diabetes (40% vs 21.4%; P,0.028), and obesity (BMI 30.5±5.5 vs BMI 29.6±3.4; P,0.001), while males more often exhibit positive family history of cardiovascular disease (67.1% vs 45.7%; P,0.017) and smoke more cigarettes (42.9% vs 8.6% smoked cigarettes on admission for ACS; P,0.001; Table 2 ).
Qol analysis
In the group of females, in comparison to the group of males, we found lower values of QoL in all the domains of the MacNew questionnaire in the initial measurement (B 1 ), in the measurement after 6 months (B 2 ), and in the long-term follow-up (36 months -B 3 ), respectively: physical functioning, 3.81 (95% CI: 3.54-4.09) vs 4.32 (95% CI: 4.0-4.62), Table 3 .
Classic measures of time series dynamics, ie, increments (∆) and indices of dynamics (i), were used to establish the dynamics of changes in QoL. Table 4 includes the increments and indices of the dynamics of changes in QoL of males and females assessed with the use of the MacNew questionnaire in the physical, emotional, and social dimensions as well as globally; the average rate of change G was also assessed (geometric mean of chain indices; Table 4 ).
Despite the fact that both groups achieved improved QoL, its values were higher in the males studied in all three 
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Qol patients treated with Pci after 3 years measurements. The average growth rate of the QoL score in the period from the sixth month to 36th month was higher in females than in males in all the domains studied with the use of the MacNew questionnaire. Thus, after 36 months, the differences in the QoL score between females and males decreased significantly. Furthermore in the study, a multiple regression model was applied with the use of the stepwise method, including selected sociodemographic and clinical predictors from week 1 and assessing their influence on the QoL score achieved with the use of the MacNew questionnaire (Table 5 ). In the univariate analysis, the predictors with a negative influence on the QoL score for the entire group included age .60 years (ρ=-0.255; P=0.007), female sex (ρ=-0.190; P=0.045), and diabetes (ρ=-0.261; P=0.006). Occupational activity had a positive influence on the QoL score (ρ=6.11; P=0.015); Table 5 ).
In the univariate and multivariate analyses, significant independent predictors with a negative influence on the long-term QoL score included female sex (ρ=-0.190, β=-0.21), age .60 years (ρ=-0.255, β=-0.186), and diabetes (ρ=-0.261, β=-0.216). Negative values of the standardized correlation coefficient (ρ) point to a negative influence of female sex, age .60 years, and diabetes on the long-term QoL score. Occupational activity had a positive influence on the QoL score (ρ=6.11). Ultimately, the model took the following form: F(8; 99) =4.17; P,0.001; and R=0.502 (Table 5) .
Analysis of the influence of selected variables during first week following PCI on long-term QoL (36 months) was conducted for both sexes. The results are presented in Tables 6 and 7. In the univariate analysis, the variables related to the QoL of the males studied included occupational activity. Positive coefficient values indicate a positive influence on the QoL score (Table 6 ).
In the group of females studied, the predictor influencing the long-term QoL score in uni-and multivariate analyses was age .60 years. Its negative value points to a negative influence on the QoL score at 36 months after PCI (Table 7) . 
Discussion
In the literature, there are some papers that evaluate the early QoL 11-14 of the patients after ACS treated with PCI, but there are only a few papers that evaluate distant QoL and their determinants resulting from the sex differences. 9, [31] [32] [33] Our study collected QoL data for a relatively long period of time compared to other studies.
In our study, females with ACS treated with PCI had lower QoL than males in measurements conducted during week 1 as well as after 6 months and 36 months. In measurements B 1 and B 2 , the differences in QoL between the sexes were statistically significant, while in the measurement conducted after 36 months (B 3 ), the differences in QoL were not significant. Females had lower score of QoL than males despite the improvement. The results of our study are consistent with the results in the literature concerning sex differences in the QoL of patients treated with PCI. According to some studies, females assess their QoL as worse than males. 14, 34, 35 In our research, similar to the results obtained by Agewall et al 13 after 1-12 months of ACS, the QoL of females was lower in all the domains of the MacNew questionnaire.
The results obtained by Włodarczyk revealed higher values in the physical and emotional aspects of life in the males studied in follow-ups 2 months and 3 months after ACS. However, in a follow-up after 1 year, no sex differences in QoL were found. 31 In our study at baseline and 6 months after ACS, lower score of QoL in females was observed than males, but after 36 months, the differences were not significant. In a study conducted by Pettersen et al, 35 2.5 years after ACS, the lower the evaluation of QoL, the older the females were, but in each case, the QoL score of females was lower than that of males.
In our study, dynamics of QoL change between the assessment at baseline and the evaluation after 6 months and 36 months of PCI revealed a positive tendency for improvement in both sexes. In a study conducted by Dueñas et al, 14 6 months after infarction, males exhibited a favorable trend for improvement, especially in most domains constituting the overall assessment of physical health in the 36-Item Short Form Health Survey questionnaire, while females exhibited improvement only in the Physical Component Summary and social functioning domains. The cited authors considered mental health as the most important determinant of lower QoL in both sexes.
14 Similar to our studies, Włodarczyk did not find any differences in the levels of QoL between the sexes in a long-term 1 year follow-up after PCI. 31 Similar conclusions were presented in a study by Brink et al, 32 where both sexes achieved QoL improvement in a year after infarction, but females scored their QoL higher in the psychological health domain, while males did so in the physical health domain.
The available publications document that QoL becomes reduced together with the presence and intensity of modifiable risk factors for cardiovascular events, such as hypertension, active nicotinism, lipid metabolism disorders, diabetes, obesity, and sedentary lifestyle. 12, 36 Therefore, the assessment of the influence of selected sociodemographic and clinical variables on the QoL score is an important element of a study. In the research conducted by Kwaśniewska and Drygas, 37 the presence of even a single risk factor for atherosclerosis caused a significant deterioration in the subjective assessment of the QoL parameters; the more the factors present at the same time, the lower the QoL score.
In our own research, females treated for ACS were on average 7-8 years older and less educated than males; they also more frequently suffered from diabetes, hypertension, and obesity. Males, on the other hand, exhibited lipid metabolism disorders and smoked tobacco more frequently than females.
In the univariate analysis in the authors' own research, the negative predictors influencing long-term QoL included female sex, age .60 years, and diabetes. The predictor with a positive influence on the QoL score was occupational activity, especially in the group of males. In a study by Hawkes et al, 38 lower QoL in the physical domain was mainly exhibited by the unemployed and elderly people, while lower QoL in the psychological domain was mainly exhibited by the younger people. 
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Qol patients treated with Pci after 3 years
In our analysis, age .60 years was associated with a negative QoL score and constituted an independent determinant of lower QoL in the multivariate analysis of the entire group and a separate analysis conducted in females. The negative impact of the age on the evaluation of the QoL might be explained by the mobility restrictions and difficulties in the familial, social, and professional life.
In a research by Beck et al, 39 younger age was a predictor of a higher QoL score, especially in terms of physical functioning (PCS), between 6 months and 12 months after infarction. However, in a study by Brown et al, 33 patients ,55 years of age scored their QoL much lower than older individuals in a 4-year follow-up after ACS. The authors explain this fact by limitations in the participation in occupational and social activities. 39 In studies conducted by other authors, age was a determinant of lower QoL, but only in females, 35 or it influenced the reduction in QoL only in the Mental Component summary domain of the 36-Item Short Form Health Survey. 40 Sex constitutes another determinant of QoL after 3 years of follow-up. In our analysis, female sex was an independent predictor negatively affecting QoL in the "global" domain of the MacNew questionnaire. The lower QoL of females is explained by their lower education and higher limitations of physical and social activities. It is worth mentioning that despite the improvement in QoL in both sexes in the 3-year follow-up, females achieved higher dynamics of favorable changes. The studies confirm the impact of sex on QoL: some of them on all the QoL domains 15 and some of them only on the physical domain. 40 Diabetes is an important predictor affecting the QoL score. The authors' own research shows its negative influence both in the uni-and multivariate analyses conducted for the entire group. The published research emphasizes the negative relationship of diabetes with lower QoL. Research conducted by Gijsberts et al 41 documents the negative influence of diabetes on QoL of males after PCI. However, in research by Dias et al, 12 a lower QoL score after 16 months of ACS in the physical domain was associated with diabetes, female sex, hypertension, dyslipidemia, and low level of education. In a study by Uchmanowicz et al 42 conducted 6 months after ACS, patients with diabetes had lower QoL scores than nondiabetic patients.
The observation of QoL seems to be of importance for clinical practice, and the authors' own results are among the few that show the dynamics of QoL changes in the long-term follow-up after ACS, especially with regard to sex differences. The presented model of recovery after ACS shows that special attention needs to be paid to the females studied who score their QoL lower than the males despite the achieved improvement. What is also surprising is the result indicating lower dynamics of QoL improvement among males after 3 years of infarction.
Practical implications
Regardless of sex, all patients after infarction should receive support and motivation to continue treatment and pharmacotherapy, as well as should implement and maintain healthy changes in their lifestyles.
Medical personnel should focus particularly on patients who exhibit determinants associated with a decrease in QoL, as is the case with elderly females and patients with diabetes.
Limitation of study
The limitations of this study include the small size of the study group, which decreased during the 3 years following ACS. The fact that the measurements were performed after 6 months and 36 months did not allow for an in-depth observation in the time between the second and third assessments.
The other study limitation was not taking into account some additional factors, which might influence the QoL: prior coronary artery disease, size/location of myocardial infarction, left ventricular ejection fraction, presence of congestive heart failure, and discharge to home vs nursing home.
Conclusion
All patients exhibited a positive trend for QoL improvement, which was higher in the case of the females studied than males. The three evaluations of QoL pointed to significant improvement in QoL. However, after 36-month follow-up, the results of patients after ACS treated with PCI did not show statistically significant differences in QoL between sexes. For the entire study group, significant independent determinants of lower QoL after 3 years of ACS included female sex, age .60 years, and diabetes. Among females, older age (.60 years) was a significant independent determinant of lower long-term QoL. Among the males studied, occupational activity was a significant determinant with a positive influence on the QoL score.
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